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Binge eating disorder (BED) is associated with high levels of obesity and psychological suffering, but little
is known about 1) the distribution of features of BED in the general population and 2) their consequences
for weight development and psychological distress in young adulthood. We investigated the prevalence
of features of BED and their association with body mass index (BMI) and psychological distress among
men (n ¼ 2423) and women (n ¼ 2825) from the longitudinal community-based FinnTwin16 cohort
(born 1975e1979). Seven eating-related cognitions and behaviors similar to the defining features of BED
were extracted from the Eating Disorder Inventory-2 and were assessed at a mean age of 24. BMI and
psychological distress, measured with the General Health Questionnaire, were assessed at ages 24 and
34. We assessed prevalence of the features and their association with BMI and psychological distress
cross-sectionally and prospectively. More than half of our participants reported at least one feature of
BED; clustering of several features in one individual was less common, particularly among men. The most
frequently reported feature was ‘stuffing oneself with food’, whereas the least common was ‘eating or
drinking in secrecy’. All individual features of BED and their clustering particularly were associated with
higher BMI and more psychological distress cross-sectionally. Prospectively, the clustering of features of
BED predicted increase in psychological distress but not additional weight gain when baseline BMI was
accounted for. In summary, although some features of BED were common, the clustering of several
features in one individual was not. The features were cumulatively associated with BMI and psycho-
logical distress and predicted further increase in psychological distress over ten years of follow-up.
© 2016 Published by Elsevier Ltd.1. Introduction
Binge eating is a form of disordered eating, defined as eating
large quantities of food accompanied by a sense of loss of control. It
is often triggered by negative emotions and followed by feelings of
guilt and shame (Haedt-Matt & Keel, 2011; Leehr et al., 2015;
Munsch, Meyer, Quartier, & Wilhelm, 2012). When binge eating is
regular and accompanied by additional features, such as distress,
eating alone due to embarrassment, and feeling very guilty after-
ward, diagnostic criteria for binge eating disorder (BED) are met
(American Psychiatric Association, 2013).th, University of Helsinki, P.O.
00014 University of Helsinki,
telin).The population prevalence of clinical BED is <1%e3.5% (Hudson,
Hiripi, & Pope HGKessler, 2007; Kessler et al., 2013; Mustelin,
Raevuori, Hoek, Kaprio, & Keski-Rahkonen, 2015; Preti et al.,
2009; Smink, van Hoeken, Oldehinkel,& Hoek, 2014), but up to 15%
of adolescents and young adults report some loss of control or
binge eating (Abebe, Lien, Torgersen, & von Soest, 2012;
Goldschmidt et al., 2015; Sonneville et al., 2013), the core behav-
ioral feature of BED. Eating alone and experiencing secrecy
(Tanofsky-Kraff et al., 2007) and negative emotions both preceding
and following eating (Goldschmidt, Crosby, Cao et al., 2014; Haedt-
Matt & Keel, 2011) have been shown to associate with loss of
control and binge eating, but how common such associated be-
haviors and cognitions are in the community is not yet known.
Clinical BED is associated with high levels of obesity (Striegel-
Moore et al., 2001; de Zwaan, 2001) and psychiatric comorbidity,
particularly major depression (Grilo, White, & Masheb, 2009;
Javaras et al., 2008; Mustelin et al., 2015; Striegel-Moore et al.,
L. Mustelin et al. / Appetite 109 (2017) 165e1711662001). The behavioral component of BED, binge eating, is also
associated both with long-term weight gain and depressive
symptoms (Sonneville et al., 2013; Tanofsky-Kraff et al., 2009,
2011). Less is known about the accompanying behaviors and cog-
nitions and how they relate to body weight and psychological
distress in the population at whole.
We investigated seven eating-related behaviors and cognitions
similar to the defining features of BED (American Psychiatric
Association, 2013) in a community sample of young adults. The
investigated traits, hereafter referred to as ‘features of BED’,
included the defining behavioral characteristics of binge eating -
overeating and a sense of loss of control (Wolfe, Baker, Smith, &
Kelly-Weeder, 2009) - but also associated features, such as eating
alone due to embarrassment and negative feelings associated with
eating episodes.
The aims of this study were to explicate 1) how common fea-
tures of BED are in a population-based cohort of young adults, 2)
how they cluster together in individuals, and 3) whether indi-
vidual features or their clustering are associated with BMI or
psychological distress cross-sectionally or prospectively over 10
years. We hypothesized that endorsing only one or two features
would be relatively harmless, but that endorsing several
features would be associated with weight gain and psychological
distress.
2. Subjects and methods
2.1. FinnTwin16 birth cohorts
This nationwide longitudinal cohort study of health behaviors in
twins and their families (Kaprio, Pulkkinen, & Rose, 2002) identi-
fied twin births in 1975e79 from the central population register of
Finland. The FinnTwin16 cohort was restricted to those pairs who
were alive and resided in Finland at age 16. Data collection and
analysis were approved by the ethics committee of the Department
of Public Health of University of Helsinki.
The twins and their parents were sent baseline self-report
questionnaires when the twins were 16 y (Wave 1). Follow-up
questionnaires were mailed to the twins when they were 17 y
(Wave 2), 18 y (Wave 3), 22e27 y (Wave 4), and finally 31e37 y
(Wave 5). The cohort and Waves of data collection have been pre-
viously described in detail (Kaprio, 2006, 2013; K€arkk€ainen,
Mustelin, Raevuori, Kaprio, & Keski-Rahkonen, 2016). The ana-
lyses in the present study were restricted to individuals who
participated in Wave 4 (2825 women and 2423 men), when
disordered eating was assessed. Of them, 74% participated in Wave
5.
2.2. Assessment of features of binge eating disorder
TheWave 4 questionnaire included three subscales of the Eating
Disorder Inventory-2 (EDI): Bulimia, Drive for Thinness, and Body
Dissatisfaction (Garner, 1991). In this study we focused on seven
items similar to the defining features of BED (American Psychiatric
Association, 2013): six items from the Bulimia subscale: ‘I eat when
I'm upset’, ‘I stuff myself with food’, ‘I have gone on eating binges
where I have felt that I could not stop’, ‘I think about bingeing
(overeating)’, ‘I eat moderately in front of others and stuff myself
when they're gone’, ‘I eat or drink in secrecy’ and one item from the
Drive for Thinness subscale: ‘I feel extremely guilty after over-
eating’. Each itemwas scored on a 5-point Likert scale ranging from
‘never’ to ’always'. Internal consistency of the resulting 7-item scale
was good (Cronbach's alpha ¼ 0.802). The timeframe for the
endorsement of the items was not specified, but questions were in
present tense.To estimate prevalences of features of BED and group in-
dividuals according to presence or absence of each feature, we
dichotomized each item so that subjects were defined as positive if
they reported it either sometimes, often, usually, or always, and
negative if their answer was ‘rarely’ or ‘never’.
To assess the cumulative number of features of BED, we created
a summary score summing the total number of positive items the
participants reported. Because of the small number of individuals
reporting all seven behaviors, we combined the two uppermost
categories. The resulting summary score had seven categories
ranging from ‘no features’ to ‘six or seven features’.
2.3. Assessment of BMI
We calculated BMI from self-reported height and weight at
Wave 4 (22e27 y), and Wave 5 (31e37 y). In the whole cohort, as
previously reported, mean BMI at Wave 4 was 22.2 kg/m2 (SD 3.5)
for women and 23.9 (SD 3.1) for men. At Wave 5, the respective
mean BMIs were 23.5 (SD 4.6) and 25.7 (SD 3.7) (K€arkk€ainen et al.,
2016).
2.4. Assessment of psychological distress
Psychological distress was measured with the 12-item General
Health Questionnaire (GHQ-12) using four-point Likert scoring (0-
1-2-3) (Goldberg et al., 1997; Penninkilampi-Kerola, Miettunen, &
Ebeling, 2006). The internal consistency of the scale was good both
at age 24y (Cronbach's alpha 0.86) and 34y (Cronbach's alpha 0.87).
2.5. Statistical analyses
We estimated prevalences and 95% confidence intervals for each
individual feature of BED and calculatedmean BMI at age 24 and 34
for those endorsing and not endorsing each feature at age 24. We
used Pearson correlation to investigate how the features were
intercorrelated and calculated the proportions of participants
endorsing different numbers of features.
We used ordinary least-squares linear regression to estimate
how the number of features of BED at age 22e27 was associated
with BMI and psychological distress. We examined a) their cross-
sectional relationship at Wave 4 and b) whether Wave 4 binge-
eating summary score predicted 10-year change (delta) in psy-
chological distress independent of baseline psychological distress,
BMI, and BMI change. Because of the different distributions of the
binge eating features and their clustering among women and men
in the cohort, we conducted all analyses separately for women and
men. Very few participants (<1%e3%), were missing data for the
used variables; we therefore performed a complete-case analysis
(Langkamp, Lehman, & Lemeshow, 2010). We found no evidence of
selective attrition in respect to features of BED between Waves 4
and 5 (full attrition analysis available from the authors). To account
for correlation within twin pairs, we used robust variance estima-
tion for clustered data (Williams, 2000). All analyses were con-
ducted using Stata 13.
3. Results
3.1. Prevalence and distribution of features of binge eating disorder
After exclusion of 121 individuals missing data on any feature of
BED, our analyses included 5137 individuals (2762 women and
2375 men). The distributions of each individual binge-eating
feature among women and men are presented in Fig. 1. Of the
dichotomized items, the most common was ‘stuffing oneself with
food’; 45% of women and 49% of men reported doing it at least
Fig. 1. Distributions of the individual features of binge eating disorder in the study population at Wave 4 (mean age 24).
L. Mustelin et al. / Appetite 109 (2017) 165e171 167sometimes (Table 1). The least common feature reported both
among women and men was, ‘eating or drinking in secrecy’ (7.4%
and 2.5%, respectively). All features except ‘stuffing oneself withTable 1
BMI at mean age 24 and 34 among those reporting each of the seven features of binge e
Feature of BEDa
Number and
proportion of
women and
men positive
for each featur
Women
n % 95
I stuff myself with food 1250 44.7 4
I feel extremely guilty after overeating 1121 39.9 3
I eat when I'm upset 996 35.4 3
I have gone on eating binges where I have felt that I could not stop 385 13.7 1
I eat moderately in front of others and stuff myself when they're gone 269 9.6 8
I think about bingeing (overeating) 233 8.3 7
I eat or drink in secrecy 208 7.4 6
Men
n % 95
I stuff myself with food 1175 48.9 4
I feel extremely guilty after overeating 198 8.3 7
I eat when I'm upset 237 9.9 8
I have gone on eating binges where I have felt that I could not stop 132 5.5 4
I eat moderately in front of others and stuff myself when they're gone 68 2.8 2
I think about bingeing (overeating) 94 3.9 3
I eat or drink in secrecy 59 2.5 1
a Dichotomized as at least sometimes (vs. rarely or never).
b At mean age 24.food’ were more common among women than men, with the
largest differences observed in ‘feeling extremely guilty after
overeating’ and ‘eating when upset’ (Table 1).ating disorder (BED).
eb
BMI at age 22-27 BMI at age 31-37
Endorsing
feature
Not endorsing
feature
Endorsing
feature
Not endorsing
feature
% CI mean 95% CI mean 95% CI mean 95% CI mean 95% CI
2.7, 46.6 23.8 23.4, 24.2 22.0 21.9, 22.2 25.8 25.1, 26.5 23.7 23.5, 23.9
8.0, 41.9 23.5 23.2, 23.8 21.9 21.8, 22.1 25.3 24.7, 25.9 23.6 23.4, 23.9
3.6, 37.3 23.7 23.3, 24.1 22.0 21.9, 22.2 25.9 25.2, 26.6 23.7 23.5, 23.9
2.4, 15.1 23.6 22.7, 24.4 22.2 22.1, 22.4 25.0 23.5, 26.6 23.9 23.7, 24.2
.5, 10.8 25.0 24.1, 25.8 22.2 22.0, 22.3 26.6 24.8, 28.5 23.9 23.7, 24.1
.3, 9.4 24.8 23.9, 25.7 22.2 22.0, 22.3 26.7 24.5, 28.9 23.9 23.7, 24.1
.5, 8.5 25.1 24.1, 26.2 22.2 22.0, 22.3 26.9 24.9, 29.0 23.9 23.9
% CI mean 95% CI mean 95% CI mean 95% CI mean 95% CI
6.8, 51.0 24.6 24.3, 25.0 23.7 23.6, 23.8 26.9 26.3, 27.5 25.5 25.3, 25.7
.2, 9.5 26.3 25.3, 27.3 23.8 23.7, 24.0 28.3 26.2, 30.4 25.7 25.5, 25.9
.7, 11.2 26.1 25.0, 27.1 23.8 23.7, 24.0 29.4 25.9, 33.0 25.7 25.5, 25.9
.6, 6.5 25.9 24.4, 27.3 23.9 23.7, 24.0 30.7 25.4, 36.0 25.7 25.5, 25.9
.2, 3.6 27.0 24.6, 29.4 23.9 23.7, 24.0 30.4 25.2, 35.7 25.7 25.5, 25.9
.2, 4.8 27.1 25.5, 28.7 23.9 23.7, 24.0 30.9 26.6, 35.2 25.7 25.5, 25.9
.9, 3.2 26.3 23.8, 28.9 23.9 23.7, 24.0 27.2 23.2, 31.2 25.7 25.5, 25.9
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Womenwere more likely than men to report several features of
BED: 67% of women and 56% of men reported at least one positive
item, whereas 23% of women and 5.9% of men reported three or
more. Six or seven items were reported by 3.9% (n ¼ 108) of the
women and only 0.25% (n ¼ 6) of the men. Fig. 2 presents the
distributions of summary scores in women and men. The correla-
tion matrix of the features (Table 2) shows that having gone on
eating binges and thinking about binge eating were most
frequently reported by the same individuals, whereas stuffing
oneself with food and eating or drinking in secrecy had the lowest
correlation.3.3. Association of features of binge eating disorder with BMI
BMI and features of BED were consistently associated with each
other. In simple bivariate analyses, each of the seven features of
BED was associated with BMI both cross-sectionally at age 24 and
prospectively at age 34, so that individuals who endorsed each
feature had higher mean BMI than those who did not. This was true
for both women and men (Table 1).
The total number of features represented by the summary score
was associated with BMI in a cumulative manner: the more fea-
tures the participants reported, the higher their mean BMI. This
was true both cross-sectionally at age 24 (Fig. 2) and prospectively,
at age 34 (b ¼ 0.57, t ¼ 7.49, p < 0.001 for women and b ¼ 0.84,
t ¼ 4.50, p < 0.001 for men). At age 24, the difference in mean BMI
between participants endorsing only one feature and those
endorsing 6e7 features was approximately two BMI units among
women and ten BMI units among men. Fig. 3 shows how BMI
developed over 10 years of follow-up according to number of
endorsed features at age 24. Even though those with more features
had consistently higher BMI, the summary score was not a signif-
icant predictor of 10-year weight change either inwomen (b¼ 0.02,
t ¼ 0.38, p ¼ 0.70) or men (b ¼ 0.19, t ¼ 1.71, p ¼ 0.09). This means
that theweight trajectories of individuals with different numbers ofFig. 2. Distribution of number of features of binge eating disorder in the study population
tervals) at Wave 4 (mean age 24).features of BED had already diverged before age 24.3.4. Association with psychological distress
Psychological distress was measured with the GHQ-12 score
that ranges from 0 to 36. The mean GHQ-12 score for women was
11.3 (standard deviation 5.6) at age 22e27 years and 11.2 (5.7) ten
years later. The respective scores for men were 9.7 (4.7) and 10.3
(5.2). The number of features of BED was associated with more
psychological distress at age 22e27, even after controlling for BMI.
This was true for both women (b ¼ 1.01, t ¼ 15.5, p < 0.001) and
men (b ¼ 1.03, t ¼ 10.3, p < 0.001).
Psychological distress also increased more over ten years (from
mean age 24 to 34) among individuals endorsing more features of
BED. The association between number of features (explanatory
variable) and 10-year change in psychological distress (outcome
variable) was positive both among women (b ¼ 0.27, t ¼ 3.3,
p ¼ 0.001) and men (b ¼ 0.36, t ¼ 2.5, p ¼ 0.014) in a multivariable
model controlling forWave 4 psychological distress and BMI as well
as the 10-year change in BMI.4. Discussion
We studied the prevalence and correlates of features of BED in a
longitudinal, population-based cohort of young adult women and
men. More than half of our population endorsed at least one
feature. Clustering of several features in one individual was
considerably less common, particularly among men, but both
women and men reporting clustering of features in their mid-
twenties had consistently higher BMI in their mid-twenties and
-thirties. The clustering of features of BED was also associated with
higher levels of psychological distress cross-sectionally and pro-
spectively. In summary, BED-related behaviors and cognitions were
cumulatively associated with both BMI and psychological distress
in the community.
We examined a spectrum of eating-related behaviors and cog-
nitions similar to the defining features of BED, including indicators(histogram) and mean BMI for each category (black squares with 95% confidence in-
Table 2
Correlation matrix of the features of binge eating disorder at mean age 24.
Feature of binge eating disorder A. B. C. D. E. F. G.
Women
A. I stuff myself with food 1
B. I feel extremely guilty after overeating 0.41 1
C. I eat when I'm upset 0.46 0.42 1
D. I have gone on eating binges where I have felt that I could not stop 0.48 0.46 0.43 1
E. I eat moderately in front of others and stuff myself when they're gone 0.41 0.44 0.38 0.49 1
F. I think about bingeing (overeating) 0.45 0.49 0.44 0.62 0.54 1
G. I eat or drink in secrecy 0.34 0.40 0.39 0.46 0.59 0.52 1
Men
A. I stuff myself with food 1
B. I feel extremely guilty after overeating 0.18 1
C. I eat when I'm upset 0.22 0.33 1
D. I have gone on eating binges where I have felt that I could not stop 0.31 0.29 0.23 1
E. I eat moderately in front of others and stuff myself when they're gone 0.17 0.28 0.24 0.27 1
F. I think about bingeing (overeating) 0.26 0.36 0.27 0.46 0.33 1
G. I eat or drink in secrecy 0.16 0.26 0.24 0.27 0.35 0.29 1
Values are Pearson correlation coefficients calculated using Likert-scored Eating Disorder Inventory items.
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ing the most common eating disorder in many settings (Hudson
et al., 2007; Smink et al., 2014), interview-ascertained DSM-5 BED
only affected 0.7% of the women in our cohort, according to a
previous study of the same sample (Mustelin et al., 2015). In
contrast, a total of 13.7% of women and 5.5% of men in our cohort
reported having gone on eating binges. The prevalence estimates of
all features of BED varied by sex and ranged from <5% to almost
50%: ‘stuffing oneself with food’ was the most common feature in
our setting (45% of women and 49% of men), whereas ‘eating or
drinking in secrecy’ was the most infrequently endorsed (7.4% of
women and 2.5% of men). Our results are in line with previous
reports on prevalence of binge eating and loss of control eating
(Abebe et al., 2012; Abraham, Massaro, Hoffmann, Yanovski, & Fox,
2014; Goldschmidt et al., 2015; Hay, Mond, Buttner, & Darby, 2008;
Hudson et al., 2007; Sonneville et al., 2013), and complemented
them by investigating a broader range of related behaviors and
cognitions.Fig. 3. Mean BMI at Wave 4 (mean age 24) and Wave 5 (mean ageVarious forms of disordered eating and loss of control have been
shown to associate with weight gain and obesity (Darby, Hay,
Mond, Rodgers, & Owen, 2007; Field et al., 2003; Hays et al.,
2002; Konttinen, Haukkala, Sarlio-L€ahteenkorva, Silventoinen, &
Jousilahti, 2009; Neumark-Sztainer et al., 2006; Solmi, Hatch,
Hotopf, Treasure, & Micali, 2014; Sonneville et al., 2013; Tanofsky-
Kraff et al., 2006, 2009). Our study confirmed this, but also quan-
tified how the number of features an individual endorsed related to
their BMI at two time points. We found that the number of features
of BED was cumulatively associated with higher BMI. This means
that although some features were relatively common in the com-
munity and had modest effect on BMI, endorsement of several
features may have substantial implications for weight
development.
The direction of causation between features of BED and weight
gain deserves consideration. We could not definitely determine
whether the investigated features preceded weight gain or vice
versa: the features were assessed at age 22e27, but weight34) according to number of features of binge eating disorder.
L. Mustelin et al. / Appetite 109 (2017) 165e171170trajectories of participants endorsing different numbers of features
had already diverged at this time. Given that disordered eating
behaviors are enduring patterns peaking in adolescence
(Goldschmidt, Wall, Loth, Bucchianeri, & Neumark-Sztainer, 2014;
Keel, Baxter, Heatherton, & Joiner TE, 2007; Neumark-Sztainer,
Wall, Larson, Eisenberg, & Loth, 2011; Tanofsky-Kraff et al., 2011),
it is likely that some of our participants presented with features of
BED already in their teenage years and that these contributed to
their weight gain.
It is also possible that weight gain during adolescence influ-
enced the emergence of features of BED. The social pressure to be
thin is pronounced especially among teenage girls, and being
heavier than their peers may have led to weight loss attempts and
consequent loss of control over eating. Some features of BED, such
as eating in secrecy and feeling guilty after overeating, may arise
from the experience of not conforming to the body ideal of the
social environment. Internalization of weight bias (i.e., blaming
oneself for one's weight and resulting societal devaluation) may
trigger binge eating (Puhl & Suh, 2015). Eating has also been found
to be a frequent behavioral response to the experience of weight
stigmatization (Puhl & Brownell, 2006). Consequently, it is likely
that the relationship between features of BED and weight gain is
bidirectional and some degree of shared etiology is likely.
We also found that features of BEDwere prospectively related to
psychological distress. This is in line with previous research
showing associations between depressive symptoms and
emotional eating (Goldschmidt, Crosby, Engel et al., 2014;
Konttinen, M€annist€o, Sarlio-L€ahteenkorva, Silventoinen, &
Haukkala, 2010; Konttinen, Silventoinen, Sarlio-L€ahteenkorva,
M€annist€o, & Haukkala, 2010; Ouwens, van Strien, van Leeuwe, &
van der Staak, 2009). Loss of control and binge eating have also
been shown to predict increased psychological distress and onset of
depressive symptoms in adolescents (Sonneville et al., 2013;
Tanofsky-Kraff et al., 2011).
Notably, the association between features of BED and psycho-
logical distress remained statistically significant after controlling
for BMI, a potential confounder of the relationship (Hryhorczuk,
Sharma, & Fulton, 2013; Konttinen et al., 2014; Singh, 2014). This
suggests that features of BEDmay have adverse effects onwellbeing
beyond the somatic and psychological effects of weight gain and
obesity.
5. Limitations
Our study is subject to limitations inherent to observational
studies, such as the possibilities of information bias, missing data
bias, and confounding. All study variables were self-reported via
questionnaire, which may cause reporting bias, particularly
underreporting of weight and overreporting of height, potentially
leading to underestimation of BMI (Larson, 2000). However, self-
reported BMI has previously been shown to correlate closely with
measured BMI in a subsample of this cohort (Mustelin,
Silventoinen, Pietil€ainen, Rissanen, & Kaprio, 2009). Participants
may also have interpreted the questions on eating-related behav-
iors and cognitions in different ways, which may have had an
impact on the prevalences. To ascertain that the observed associ-
ations were not explained by clinical eating disorders, we repeated
the analyses after excluding 182 women with any lifetime eating
disorder. This did not attenuate the associations (data not shown;
details available from the authors). We did not have information
regarding eating-disorder diagnoses for the men in our cohort.
Further, missing data due to attrition could affect the results. Our
response rates were high throughout follow-up (Kaprio, 2006,
2013) and we found no evidence of selective attrition in respect
to binge eating features between Waves 4 and 5. Therefore, it isunlikely that attrition introduced systematic bias to our results. Our
participants were young Finnish twins and results cannot neces-
sarily be generalized to other age groups and ethnicities. Although
twin boys (but not girls) were slightly leaner than their singleton
peers in adolescence (Pietil€ainen et al., 1999), we find it unlikely
that the relationship between eating behaviors and weight devel-
opment would differ between twins and singletons.
6. Conclusions
We found that in a longitudinal cohort of young adults, features
of binge eating disorder, including both behavioral and psycho-
logical aspects, were cross-sectionally and prospectively associated
with higher BMI and more psychological distress. Future studies
should further examine the temporal and causal relationships be-
tween eating behaviors, mood, and weight gain in adolescence. In
clinical practice, querying about binge-type eating behaviors and
related cognitions may help to detect youth at increased risk for
obesity and allow targeted prevention of weight gain.
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